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_i_:_: A role for diet inthe pathophysiologyof asthma may be mediated byaltered immune or antioxidant activity

ili!_iilili with consequent effects on airway inflammation.We evaluatedassociationsbetween several dietary fac-
:_::_ tars assessed by a semiquantitativefood frequencyquestionnaire, and incidence of asthma over a lO-yr

.....__::i period in 77,866 women 34 to 68 yr of age. Women in the highest quintile of vitamin E intake from diet,but not from supplements, had a riskof 0.53 (95o confidence interval[CI] = 0.33 to 0.86) compared with
_i:_;iiii:iII women in the lowestqulntile. This relationship,however,was attenuatedwhen the contributionfrom nuts,

i ilil a major source of vitamin E inthese data and a possibleallergen, was removed (relative risk = 0.74 [0.50
:::i::/ii::::i_:::::: to 1.10], p for trend = 0.007). Positive associations were found for vitamins C and E from supplements,
:_ii:::!ii_i_!!. but appeared to be explained by women at high riskof asthma initiating use of vitamin supplements prior

i::ii!_!ii_i to diagnosis. A nonsignificantinverse associationwithcarotene intake was noted, but no clear relations
with asthma were demonstratedfor intakeof linoleic acidor omega-3 fattyacids. These data suggest that,......

i::ili::iii_:: antioxidant supplementationand intake of various fats during adulthood ere not important determinants::::::.:-:.

_i_i_i_i__ of asthma, although vitaminE fromdiet may havea modest protectiveeffect, Troisi RJ, Wlllett WC, Welse

i:::_ : ST, "lHchopoulos D, Rosner B, Speizer FE. 1995. A prospective study of diet and adult-onset asthma.
;_,:,-: Am J Rempir Crit Care Mad 1995;151:1401-8.

...,.:

ii:i,iii_

_ : The etiologyof new-onsetasthmain adultsisnot well understood, clonicacid metabolitesPGD=, PGF,, LTB4,LTC4,and LTD,. Incon-
:i_i _: in part because few longitudinal studies have characterized its trast, omega-3 fattyacids compete witharachidonic acidto form
_ ii_i development (1, 2). Epidemiologic data from several sources in- less activeprostanoidsand leukotrienes, therebypotentiallyact-
: _;:i cluding studies of migrants (3), rural populationsrelocatingto ur- ing to reduce airway inflammation and bronchoconstriction.
:i_ :il banareas (4), and families (5) suggest that bothgenetics and an- Whereas several epidemiologic studies have addressed the

vironmentplaykey rolesintheexpressionofasthma.One potential relationof diet and the development of chronicobstructive pul-
:_ environmentalfactormay relate to specificcomponentsinthediet. monarydisease (6--8), fewer studieshave investigatedthe passi-

m: Asthma is characterized by airway hyperresponsivenessand ble role of diet in the pathophysiologyof asthma. The majority
: :i airway inflammation and appears to involve a complex interac- of data on diet and asthma are from experimental studies con-
_i _ tion of immune and neural responses. Airway hyperresponsive- ducted inasthmatics, that have focused exclusivelyon effects of
;il ness is believedto exist intrinsicallyor to develop inresponse to vitamin C (9-13) or fish oil (14, 15). To further investigate these
!::_' airway inflammation resultingfrom exposure to allergens, respi- relationships,we assessed prospectively in a large cohort of
i! ii retory infections,cigarette smoke, orother irritants.Actingas an- women the hypothesisthat usualdietary intake of vitamins A, C,

::i _i tioxidants or through influences on immune function, vitaminsC end E, and fishoillowerstheriskof developingadult-onsstasthma.• and E and beta carotene inthe diet mayreduce airway inflamma-

if: _ tion, thereby decreasing the severity of asthmaor preventingai- METHODS
....... togetherthe expressionof asthmainsusceptibleindividuals.Fatty
_ii_ acid compositionof the diet--in particular, the relative amounts Study Population
ii:: Ofn-6and n-3polyunsaturatedfattyacids- mayalsobe associated TheNurses'HealthStudy(NHS)is a prospectiveinvestigationofmajor

with the riskof asthma. Increased productionof prostanoidsend diseasesamonga cohortof 121,700femaleregisterednurses30 to 55leukotrienesactive in bronchoconstrictionand neutrophilchemo- yrofage in1976andresidinginoneof 11stateswhenthestudybegan.

: taxisOccurswhen linoleic acid is convertedto arachidonicacid. In 1980,e semlquantitetivefoodfrequencyquestionnaire(SFFQ)was
addedtothestudy,andadditionalquestionnairesweresentin 1984and

Intakeof linoleicacid maythereforeincrease bronchoconstriction 1986(anabbreviatedformof thequestionnairewassent in1982ascer-
_iiii , and airway inflammation by enhancing productionof the arachi- tainlnginformationon frequencyofintakeofcertainfoodsbut nottotal
i::ii nutrientintake).Every2 yr a mailedquestionnaireaiicitinginformation

on otherexposures(e.g.,cigarettesmoking),dietarysupplements,and
: self-reporteddiseasesis completedby participants.
::::;:::• (ReceivedinoriginalformMarchIO,1994andin revisedformOctober28.1994)

iiiiiiI _ Completedietaryinformationwasavailablefor93,184subjectswhoCorrespondenceandrequestsforreprintsshouldbeaddressedto FrankE. returnedthefoodfrequencyquestionnairein1980.Subjectsreportinga

i Speizer,ChanningLaboratory,180LongwoodAvenue,Boston,MA,02115. doctor'sdiagnosisofcancer,cardiovasculardisease,diabetes,emphy-SupportedbyresearchgrantCA40356fromtheNationalInstitutesofHealth. sema,chronicbronchitis,orasthmaon orbeforethe1980questionnaire
ii!ill Dr.Troisiissupportedby InstitutionalResearchAwardHL07427. wereexcludedfromthisanalysis.Aftertheseexclusions,the 1980base-
i!_ii_il AmI RespirCrltCareMed Vol151.pp 1401-1408.1995 line studypopulationconsistedof 77,866women.

: ::::::::;::::._. :: i
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Measurement of Diet equaltothenumberof monthsbetweenthereturnofthe1980question- i!iii
Briefly,theSFFQasksaboutusualdietaryintakeoverthe pastyearby naireandthereturnofthe1982questicnnairewasassignedtosechcover-
listingfooditemswithservingsizesandnineoptionsforfrequencyofin- lateaccordingto covarletestatuson the 1980questionnaire.Similarly,
takerangingfromneveror lassthanoncepermonthtosixormoreserv. foreach2.yrintervaladditionalmonthsoffollow-upwereassignedtoeach ii
ingsperday.Nutrientscoresarecomputedbymultiplyingthefrequency covadateaccordingtostatusat thebeginningoftheclosestintervalwith ,i_i
ofintakebythenutrientcontentofthefooditemusingdatafromtheU.S. informationuntilJune1,1990.Threevariationsof nutrientanalyseswere i::
Departmentof Agriculture,foodmanufacturers,and otherpublished performed:(/) usingnutdentvaluasasasasssedin1980enddskofasthma i!I

from1980to 1990,(2)usingnutrientvaluesas assessedin 1984aridrisk iiiiIsources(16-18). ofasthmafrom1984to 1990,and(3)usingnutrientvaluesas assessed ,
Thequestionnairehas beenextensivelyvalidated(19,20). Correla-

tionsbetweenenergy-adjustedintakesof vitaminsAandC asassessed in1980andupdatedin1984and1986,sothatfoUow-uptimeforthefirst !i:! '

bythe 1980questionnaireandbyfour1 wk diet recordscollectedover twointervalswasassignedto1980quintilavalues,foitow-uptimefor the
a 1-yrperiodwere 0.49and036 forvitaminA (withandwithoutsupple- thirdintervalwasassignedto1984quintilevalues,andfollow-uptimefor
ments,respectively)and0.75and0.66for vitaminC.Validationofa later the lesttwointervalswasassignedto 1986quintilevalues.Onlytheup-
versionof thequestionnaireallowedevaluationof vitaminE ina similar datedanalysesare presentedin thetables;It is notedinthe textwhen
manner(r - 0.92andr - 0.42 withandwithoutsupplements,respec, theresultsfromthethreetypesof analysesdisagreed.Forparticipants
tively,andcorrectedfor week-to-weakvariationinthe diet records), whoreporteda diagnosisof asthma,orwhodied, follow-uptimeaccu-

The1984foodfrequencyquestionnairedifferentiateddarkmeatfish, mulsteduntilthedateofdiagnosisreportedonthesupplementaryquas-

whichis higherineicosepentaenoicacid(EPA),fromothertypesoffish. tionnaireor thedateof death,respectively.For participantsreportinga iliil ili!i
Fataspirateswere usedto compareEPAstoredin adiposetissuewith diagnosisof cardiovasculardisease,cancer,ordiabetes,follow-uptime :::: .:::::::

EPAas assessedbyquestionnairein 118Boston-areamen(21).Mean accumulateduntilthebeginningofthe intervalduringwhIchthedisease ::ii:!:i_ii::_:_:_
fatintakefromEPAas assessedby twoquestionnairesadministered6 wasdiagnosed.. .....::::::.......::::::

: Incidencerateswarecalculatedforeachquintileof nutrientintakeby i:::::ill_i_i
to7 moapartwassimilar:0.19 ± 0.18g/dversus0.21 ¢ 0.24g/d.The ...............
SpearmancorrelationbetweenEPAexpressedaspercentageof totalfat dividingthenumberofcasesassignedto thequintilebytheparscn.time ::::!i::::_i_i_

atriskforthequintile.Relativedskswerecalculatedbydividingtheinci- 'ii: ii!iiii

tionnairesfromthe fataspirates,endEPAestimatedfromthefirstandsecondqueS-wasr = 0.47and r = 0.49,respectively.A similarcorrelation danceratesineachofthesecondthroughfifthquintllesbytheincidence :ii ::i:i{iiiii
betweentotalEPAanddocosahexaonoicacid(DHA)contentofadipose rateinthe first(lowest)quintileandweresummarizedacrossage in5-yr :::i::i

: catngorlssandsmokingstatus(nevarlpast/1to14/15to 24/_ 25cigarettes .................
tissueandtotalEPAandDHAasa percentageoftotalfatintakefromthe parday).A Mantelextensiontestwasperformedto testfortrendsover ,ii:::;:::::,::::::::i_:/:_::
foodfrequencyquestionnaire(r = 0.48)wasfoundina case-controlstudy multiplecategories.Relativeriskswereadjustedsimultaneouslyfor mul- :::: ::::ii!:: !:i:

of pestmenopausalBoston-areawomen(22). tiplecovariateswithuseof proportionalhazardsmodels(24). Toassess :::._::::;i_i

Validation of Asthma Diagnosis therelationshipof intakeof individualfoodsto riskof asthma,analyses ,:i!i::.:_i_i

adjustedforageandsmokingstatuswereperforrnedseparatelyforfoods !i: i_

Casesofasthmaforthisinvestigationwerebasedonthenurses'response asassessedin1980,1982,and1984withoutupdate.Ninety-fivepercent
tothefollowingquestionon the1988and1990NHSquestionnaires:"Have confidenceintervals(CI)were calculatedfor eachrelativerisk.

youhadanyofthefollowingillnessesorprocedures?Asthma,Dr.Diag- ::iil::i!ii_J!
nosed._'Weattemptedto contactby mailsubjectswhoreporteda diag- RESULTS ::;::::::_:
nosisofasthmasince1980(n = 1,446).Subjectswareaskedtocomplete _:!::.i:_;.: :::+

a supplementaryquestionnaireelicitinginformationondateofdiagnosis The crude incidencerate for asthmawas 1.17/1,000person-years. ::_:'::_:_
and date of firstasthmasymptoms,medicationusa, andseasonelity, Seventy-seven percent (588) of cases reported using asthma _::::_....
severity,andprecipitatorsof asthmaattacks.Almost97%(1,400)of the medication withinthe past year. Among asthmatics using medi- :iiiii:i:!:i!ii:
nursesrsspendedto thequastionnalre.Approximately86% (1,206)of the cation withinthe past year, beta agonists (63%) were the most :i,_:;_:_:_,::,:,_:_i_::_:_:

odginaldlagnosssofthosewhorespondedwerereproducedonthesup- commonlyreportedclassof drugs,followedbytheophylline(56%), i/iplemeotaryquestionnaire;9% (126)of thenursescontacteddeniede di-

agnosisof asthma,about4% (61)reporteda diagnosisotherthanasthma steroids(inhaled 52%; oral or intravenous,30%), and cromolyn :iii:iiiii!
::: (e.g.,asthmaticbronchitis),andfewerthan0.5%(seven)didnotprovide sodium (190/0).Medication use within the past year increased i_i_:i:i,i

sufficientinformationto confirmtheirdiagnosis, somewhat with age (Table 1). iii::ii::iiii:_::_:_no , ..oon,0,.0°.,.o,.oo..only5,5%reportednevertakingmedicationspecificallyfor asthma.Fifty Dietary Antioxidants

percentof all casesreportedbeingdiagnosedwithin1 yr of theonset Vitamin E withand withoutthecontributionfrom supplementsas _::i_i_::i::_!i
of symptomsand 95% within10yr. assessed in 1980 was not associated with 10-yr risk of asthma i:ili :i:_i_Forthisinvestigationcaseswere definedas nurseswhoconfirmed
theirNHSquestionnairereportofa doctor'sdiagnosisof asthmaonthe adjustedfor age andsmoking (the relative risks[RR] for quintiles :ii : :fill
supplementaryquestionnaireandwhoreportedusingasthmamedics- tWOthroughfiveversusquinUleone [lowest]of vitamin E fromdiet :::_,::_:__.:_::.:. :::

tionsincediagnosis.Aftercensoringforcancer,cardiovasculardisease, and supplementswere: 0_9, 1.03, 1.14, 1.06;p value for trend = ;:::::ii::::i::

anddiabetesdiagnosesmadeafter1980andbeforethedateofdiagno- 0.08, and the RR of vitamin E from diet onlywere: 1.07,0.87,0.98, iilii: :!iI
sisofasthma,760casesand647,551person-yearsoffollow-upremained 1.23; p value for trend = 034). Vitamin E as assessed in 1984
for analysis, from diet but not from supplements, however,was inversely as- ':i:!iii_:i::_iiiii_ii!
Statistical Methods sociatedwith6-yr-riskofasthma(RR for quintilestwo throughfive

versus quintile one were: 0_6, 0.80, 0.60, 0.73; p value for trend

Valuesfornutrientintakewereadjustedfortotalenergybyregressionanal-= 0.03).Similarly,inanalysesusingvitamin E as assesse<lin1980 iiiiil I

ysis(23),standardizedto 1,600Kcal(6.7 MJ)/d,andclassifiedintoquin- and updated in 1984 and 1986, a significant inverse trend was
tiles.NutrientintakewascaiculatedwithendwithoutthecontribuUonfrom demonstrated for vitamin E from diet but not from supplements
vitaminsupplements.Analysesusingnutrientintakefromdietaloneex- (Table 2); suggesting that recent intake of dietary vitamin E may
cludedperson-timefromindividualsreportinguseof eitherthe individual
supplementsormultivitamins.Forexample,toassesstheassociationof be moreimportant than past intake in relationto asthma. The as-
vitaminC w/thoutsupplementsanddskof asthma,person-timefromusers sociationbecame strongerwithsimultaneousadjustmentfor vita-

ofvitaminC,vitaminE,andmultivitaminsupplementswasexcludedfrom rain C and carotene in addition to several potential risk factors :!i!

theanalysis, for asthma. Women inthe highest quintile of daily vitamin E in-
Foreachparticipantremainingaliveandfreeofasthma,follow-uptime take(energy-adjustedquintilerange in 1984 .. 9.0Io 125rag) from

..... i!i_::iii!i::i::iiiiii;::iiii!_I=: =
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TABLE 1

INCIDENCEOF ASTHMA AND USE OF ASTHMA MEDICATIONBY AGE GROUP, NURSES' HEALTHSTUDY I

% of CasesTakingIndicatedMedicationwithinPastYear
Incidences Taking

Ageat Person- Rate Medicationwithin Beta Inhaled Oral or
Diagnosis N Time (per 1,000) % Hospitalized PastYear Agonist Theophyllino Steroids IntravenousSteroids Cromolyn

30-34 8 6,640 1,20 13 50 63 25 25 0 13
35-39 75 64,433 1.16 17 79 55 37 37 21 15
40-44 152 120,593 1.26 14 75 49 36 38 17 15
45-49 175 138,216 1.28 22 74 50 43 37 23 15
50-54 138 131,376 1.05 23 78 52 51 51 30 18
55-59 137 118,791 1.15 23 82 47 4g 44 27 12
60-64 67 60,377 1.11 15 82 40 51 45 25 9
65-69 8 9,124 0,88 13 88 63 50 63 13 13

diet alone had a 47% lower risk of asthma than women in the lowest Vitamin C with supplements as assessed in 1980 and updated
quintile (range = 03 to 6.0 mg) after adjustment for age, smoking in 1984 and 1986 was positively associated with risk of asthma
status, body mess index, area of residence, number of physician's (Table 2). The association became stronger with simultaneous ad-

visits in 1978, quintiles of energy intake, vitamin C without sup- justment for vitamin E and carotene in the multivariate model. With-
plements, and carotene, out the contribution of vitamin C from supplements, the relative

TABLE 2

RELATIVERISK OF ASTHMA FROM 1980 TO 1990 BY QUINTILESOF ENERGY-ADJUSTED
INTAKEOF VITAMINSE, C, AND CAROTENE*

Quintiiosof Intake
p Value for

Nutdent 1 2 3 4 5 Trend

• VitaminE, mg
With supplements 3.3 4.4 5.7 17.1 209.8
No. of cases 156 165 123 156 160
Adjustedfor

ageand smoking:l: 1.0 1.01 0.74 0.98 1.0 0.94
Multiverieta§ 1.0 0.97 0,70 0,82 0.83 0.07

(95% CI) (0.78-1.22) (0.54-0.89) (0.64-1.05) (0.64-1,08)
Fromdietonly_ 3.2 4.0 4.7 5.4 6.9

No. of cases 59 73 49 39 27
Mlu_ed for

age and smoking-I: 1.0 1.28 0.88 0.75 0.58 0.001
Multivariate{i 1.0 1.22 0.82 0.69 0.53 0.0005

(95% el) (0.86-1.73) (0.55-1.21) (0.45-1,05) (0.33-0.86)
VitaminC. mg

Withsupplements 70 113 154 229 705
No. of cases 127 156 144 156 177
Adjustedfor

age and smoking:l: 1.0 1.20 1.14 1.2,5 1.47 0.003
Multivariate 1.O 1.29 1.27 1,43 1.69 0.0001

(95% Cl) (1,01-1.64) (0.99-1.64) (1.10-1.86) (1,28-2.23)
Fromdiet onlyl,mg 61 94 120 152 209

No. of casea 49 52 54 54 38
i_: Adjustedfor
:_ ageand smoking:l: 1.0 1.11 1.21 1.28 0.98 0.70

Multivariate§ 1.0 1.14 1.30 1.42 1.11 0.38
!:_ (95% CI) (0.76-1.70) (0.86-1.95) (0.93-2.18) (0.69-1.77)
:_:_ Carotene,IU 2,935 4,707 6,610 9,456 14,558
!_ii No. of cases 166 149 151 154 140
!!ii Adjustedfor
i:i: ageand smoking:l: 1.0 0.90 0.90 0.92 0.86 0.21
:!iil Multivariate§ 1.0 0.88 0.87 0.90 0.82 0.08

iii_ (95% CI) (0.71-1.10) (0.70-1.09) (0.71-1.12) (0.65-1.05)

"Allulmued kl 19808ridUpdlltedin1964and1986.1"Medianvaluesfornutrientsas_ irl1960.VitlmiflE isina-tocopherolequivaJen_.
:[:MjusledwithuseofindicatorvEu'lsbleeforage(in5-yrcategodes)andsmoking(never,pest,currentinthree_ ofcigareflessmokedper

: dsy).
ii!ili: SLogklU¢modelincludalageIndsmokingas¢kmcribedabove,bodymassindex(<2t, 2t-< 23,23-<25,25-<29,> 29kg/m_),areaofreekdence(noflhe_tUSA,norlhce_ralUSA,Florida.Texas,Cllifomla),numberofphysician'svisit=(0, I, 2-3,_ 4),andqulnlllNolenergyIntuit,

I NuldentvaluedoesnotincludecontnbutionfromSUl_ _J_of_ementusemareexcludedfromon_. ModelsfornutrientlwlUtout

:: :; :: plementsincludevitaminsCandEwithoutthecontnbutionfromsupplements.
:.:,:.



i 1404 AMERICAN JOURNALOFRESPIRATORYANDCRITICALCAREMEDICINE VOL151 1995 I!!i _

_:::i risks for the third and fourth quintiles remained the same; how- did notconfirmthispattern. No clear trendswere noted withdose
_ ever, the relative risks for the second (energy-adjusted quintile of vitamin C or E. i! iii.iii
! _i' range in 1984 = 2 to 85 mg) and fifth quintiles (range = 181to
: 822 mg)were attenuated, and the trendwas no longersignificant. Food Intakei :/'

i The age-and smoking-adjusted relative risks for carotene in-To understand the basis for the inverseassociationwith dietary iiii _i!
i : take as assessed in 1980 and updated in 1984 and 1986 were vitamin E in these data, we examined the association with ino

iI below 1. Simultaneous adjustmentfor vitaminsE and C strength- dividual foodsknownto containrelatively highconcentrationsof
!::::_] ened the inversetrend, which became borderlinesignificant(Ta- vitaminE andwhoseconsumptionexplainedthegreatestbetween.
i;_iii_: ble 2). No relationsoftotalvitaminA orretinolwithorwithoutsup- person variation in vitamin E intake in this cohort. These foods
!i _ plements were found with risk of asthma (results not shown), includednuts,peanutbutter,coldcereals,cabbage, tomatosauce,
:_:::_: The associationofvitamin C (withorwithoutsupplements)and apples,sweetpotatoes,mushrooms,mayonnaise,andoiland vine-
ii :ii asthmadid not differby smokingstatusas assessedin multivari- gar as a saladdressing(the bestpredictorofplasma a-tocopherol
_ ate analyses performed separately innever and currentsmokers levels[25]). The only foodsthat appeared to be related to the riski!_:'
:_ (resultsnotshown).Despiteneither testfortrendreachingstatisti- of now-onsetasthma after adjustmentfor smokingand age were
::i: calsignificance, the inverseassociationnoted forcaroteneintake an inverseassociationwith nuts,cold breakfast cereal, and cab-

! ::i:_: appearedstrongerincurrentsmokers(RR for quintilestwothrough bage (trend notsignificant);ineach case as reported in 1980 but

iliii five versus quintlle one were:0.69, 0.95, 0.69, 0.64; p for trend = not in 1982 or 1984 (data not shown). The use of tomato sauce
_i__ 0.17)than in never smokersamong whom the trend was positive (a highsoume of lycopene)two or more times per week was as-
:!i:: (RR = 0.78, 0.85, 0.88, 0.91; p for trend = 0.09); the confidence sociated with a significantly lower risk of asthma. _
ii!! intervals,however, for the correspondingestimatesoverlapped. A totalfruitscorecalculated from 1980 intakeof fruitsand fru t
i::ii_:_ juices showed little relation to risk of asthma (RR for quintilasof
ili::iI Supplement Use servingsperday adjustedfor age andsmokingwere1.0,0.98,0.92,
!i!ii Durationof useofindividualsupplements and mullivitaminswas 0.96, and 1.06; p value for trend = 0.60). ]ilii
_:_ assessed with adjustment for age and smokingand in multivari- Six-year risk of asthma was unrelated to frequency of intake

i ate analyses that included use of the other supplements (Table of dark meat fish (7,- -0.13; = 0.90), tuna fish (X = 0.19; = _:_iii_!!i_ii
P P

3). Women using vitamins C, E, or multivitaminsprior to diagno- 0.85), and shrimp (7, ,= -0.21; p = 0.83) as measured in 1964. !i
i!il::i sishada higher riskof asthma than nonusers.The RR associated
i!ii:.ii with use of vitamins C and E approached unitywith 10 or more Fatty Acids

ii:il years' durationprior to diagnosis, although use of multivitamins In general, the results from analyses using fatty acid intake as

.!:ii:.ii
iilii) RELATIVE RISK OF ASTHMA BY DURATION OF VITAMIN SUPPLEMENT USE"
ii::i:ii
_i!iii Duralion of Use (yr)
ii[:iil p Value for

Su .man, o <2 2-, 5-, 10-,, 16+ Tr...'::::iii::i Vitamin El"
No. of cases 62.4 43 31 41 19

_i_!_ Person-years 551,426 27,790 22,790 27,254 15,798 :i.:i::i::
Age and smoking

adjusted RR1: 1.0 1.37 1.20 1.34 1.08 0.66 :'

_:_!_ii! Muitiv,riate RR§ 1.0 1.30 1.15 1.18 0.94 0.27
i::::i:: (95% conf. limits) (0.94, 1.79) (0.79, 1.68) (0.84, 1.65) (0.58, 1.52) :::::!!

i vit.m,nC !i!!
No. of cases 518 80 59 83 24 15

Person-years 482,181 43,113 37,440 47,336 19,811 13,482 :::i:

_:_ Age and smoking i::

adjusted RR_t 1,0 1.28 1,45 1.61 1.13 1.03 0.75 ;:!:
_:::: Multivariate RFI_ 1,0 1.28 1.43 1.45 1.02 0.96 0.49

!ii:::::;::.:i Vitamin(96%Aconf. limits) (0,97, 1.69) (1.08, 1.90) (1.12, 1,87) (0.67, 1.57) (0.56, 1.62) :

Person-years 818,333 11,816 6,494 9,73014 iili
liiii: Age and smoking i::i::

_ii adjusted RR:I: 1.0 0.85 0.64 1.22 0.33
":": Multivariate RR§ 1.0 0.68 0.51 0.90 0.58

fiii (...con,,,m,ts) 0=1= (021123) (0 2
i_i Muitivi_mins

No. of cases 446 88 49 85 49 59

Age and smoking

!lji:l:::: adjusted RR1: 1.0 1.14 0.84 1.19 1.48 1.62 0.0009 ::_::iMultivariate RR§ 1.0 1.14 0.80 1.03 132 1.48 0.01 ::::i:i
i_::i_i. (95o/oconf. limits) (0.88, 1.48) (0.60, 1.08) (0.81, 1.31) (0.97, 1.80) (1.12, 1.97) iii::i:.

_>.:i? * Totldnumbero_cMe_ end perlott-yeetllv_y due to mLsaingdate.
J'pfor trendcldoulatedfordurationof use amongsupplementuser_.
$Adjustedfor age(in 5-yfcategories)endsmoking(neverlpest/curmntin threelevelso_cigaretle_smokedper day).

::::::::::

.......... :ii
_iTM . ................................
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: assessed in1980 and updatedin 1984 and 1986 (exceptomega-3 butter could not entirely explain the relation with vitamin E that
i fatty acids, which were assessed in 1984 and updated in 1986) we observed.

showed a slightinverseassociationwith riskofasthma, although In summary, recent intakeof vitamin E from diet but notfrom
none ofthe testsfor trendwas significant(Table4). A comparison supplements was found to be inversely related to adult-onset
of the highestand the lowestquintalsof monounsaturatedfat and asthma inthese prospectivedata. Women in the highest quintile
linoleicacid intakeresultedin significantinverseassociations,al- of dietary vitamin E intake had a 47% lower dek than women in
though these results were not found in analyses usingfatty acid the lowestquintile;however, exclusionof the contribution to di-

intake in 1980 and 1980-1990 incidence of asthma, or inanaly- etary vitamin E from nuts and peanut butter to address a posai-
i_ sea using fattyacid intake in 1984 and 1984-1990 incidence of ble bias due to food allergies attenuated the association, which
i! asthma. Polyunsaturatedoils are an importantscums of vitamin neverthelessremainedsignificant. Intakeof carotene hada weak
ii E. Because vitamin E was found to be inversely associatedwith inverseassociationwith asthma. No relationwith risk of asthma
il asthma, we repeated the fatty acid analyses, adjustingfor intake was notedfor dietaryvitaminC ortotal fruit intake,but short-term
:: of vitamin E with and without supplements. RR were essentially users of vitamin C and vitamin E supplements had an increased

unchanged, risk.Riskofasthmawas notsignificantlyassociatedwithomega-3
: Severalsubjectsreported on thesupplementaryquestionnaire fattyacids, and the data were not consistentwith a positive as-

i thet their aethma was exacerbatedbycertain foodsincludingnuts sociationbetween linoleic acid and asthma risk.
I , and peanut butter.Nuts and peanut butter contributedto between-

! ::i: person variance in dietary vitamin E intake in these data, and, DISCUSSION
if future cases were more likely to avoid nutsthan the rest of the

i, cohort, then an inverseassociationbetween dietaryvitaminE and Dietary Vitamin Eand Supplements

!!_:i risk of asthma might result.Therefore, we reassessed the rela- To ourknowledge, no other study has assessed the relationof
tion of updated dietary vitamin E to riskof asthma, excludingthe vitaminE and respiratorydisease. Nevertheless, an effectof vita-i :

: contribution from nuts and peanut butter. This analysis resulted manE on the inflammatoryprocess seems plausible. Vitamin E

ii i:i in an attenuation of RR associatedwiththe fifthquintals,although is a naturally occurringantioxidant and free-radical-quenching
the testfortrendremainedsignificant(RR forquintilesonethrough agent. It is lipid soluble, is most effective at highO= concentra-
five from the multivariatemodel -- 1.0,1.14, 0.84, 0.62, and 0.74; tions,and isfound inlipidstructures exposed to highpartial pres-
p for trend = 0.007).Thus, the associationwith nutsand peanut sures ofOzsuch aserythrocyte membranes and cell membranes

TABLE 4
i

RELATIVE RISK OF ASTHMA FROM 1980 TO 1990 BY QUINTILES OF ENERGY-ADJUSTED FAT INTAKE*

RR for Indicated Quintiles of Intake
p Value

Type of Fat 1 2 3 4 5 for Trend

Total Fat, g'l" 51.9 62.7 69.9 77.0 87.4
No. of cases 157 144 163 147 149

• Adjusted for
age and srnoking_: 1.0 0.87 0.99 0,90 0.91 0.54

Multivariate§ 1.0 0.84 0.94 0.84 0.87 0.29

(95% CI) (0.67-1.06) (0.75-1.17) (0.67-1.06) (0.70-1.09)
Saturated. 0 20.0 24.7 27.9 31.2 36.1
NO. of cases 167 152 154 174 113

Adjusted for

age and smoking:[: 1.0 0.86 0.88 1,00 0.79 0,35
Multivariate§ 1.0 0,83 0.83 0.95 0.80 0,37

(95% CI) (0.67-1.04) (0,67-1,03) (0.77-1.18) (0.63-1,02)
Monounsaturated, g 20.1 25.1 28.6 32,1 37.5
No. of cases 167 153 138 163 139

Adjusted for
age and smokingt 1.0 0.87 0.79 0.94 0.82 0.20

Multivariate§ 1.0 0.84 0.74 0,89 0,78 0.12

il (95% CI) (0.68-1.05) (0.59-0.93) (0.71-1.10) (0.62-0.97)
Linoleic, g 4,49 6.00 7.23 8.63 11.1

!!i: No, of cases 171 131 150 169 139

Adjusted for
age and smoking1: 1,0 0.72 0.82 0.90 0.75 0.15

Multivariate§ 1.0 0,71 0.80 0.86 0.74 0.14

::i::i (95% Cl) (0,57-0,89) (0.64-1.00) (0.70-1.07) (0.59-0.93)

iiii Omega-3, g 0.05 0.09 i 0.13 0.21 0.36
!i::ii No. of cases 104 101 74 105 84

i Adjusted for
age and smoking:l: 1.0 0.89 0.80 1.03 0.88 0.87

Multivariate§ 1.0 0,09 0.78 0.96 0.85 0.37

:iili (95 c,) (0.,-1.15)(0.59- .04)(0.74-1.2,)

ii " ASassessedin 1980and updatedin 1984arid 1986(omega-3fattyacidsassessedin 1984 lind updlited in 1986).

1"Medianvaluesfor fats(exceptomega-3fattyacids)is iscescedin 1980. Medianspresentedfor omega-3filly acids are tiom 1984.
t Adjustedwith useOfindicatorvariablesfor age(in5-yrclitngodes)andsmoking(never,past.CUrrentinthreelevelsofcigarettessmokedper

day).

§Logi6ticmodelincludesageandsmokingall describedabove,bodymassindex(< 21,21-< 23, 23--<25, 25< 29. ;_29 kg/m_),areaOf resi-
ii:Ji pence(nollheas!USA.northcentralUSA.Florida,Texas,Ctlifornia),numberOfphysiCian'svisits(0, 1.2-3, ;, 4), and quinlilesOfenergyinlllke.
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of the respiratorytree. Vitamin E may also modify prostaglandin cent studyfounda signlfioantdecrease in frequencyand severity
formation, thereby enhancing productionof PGI,, which inhibits of asthma attacks inasthmatics treated with I g of ascorbic acid
the effects of histamine and relaxes vascular smooth muscle, dailyfor 14wk,suggestingthai higher dosesovera longer pedod

Vitamin E from diet but not from supplements was inversely are requiredto affectasthma symptoms.Several studies assess-
related to asthma dsk. One possibleexplanation for thisfinding ingthe acutaeffect of vitamin C administretioninasthmatics have
Is that women experiencingasthma symptoms prior1odiagnosis shown an attenuetion in bronchial responsiveness (10, 11), al-
were more likelyto takevitamin supplements.If thiswere the case, thoughotherstudies havefailed to demonstratethiseffect (g, 12).
then the association of asthma to vitamin E from supplements Few epidemiologicstudieshaveevaluated the relationof vita-
wouldbe biased upward such that a null or adverse effect would min C to asthma. Schwartz and Weiss (8) found an inverse as-
be noted if the relationshipwere truly protective.The increased sociationbetween serumvitaminC, but not dietary intake of vita-
risks associated with vitamin E supplement use relative to non- min C as measured by 24-hr recall, and prevalence of wheezing
users decreased to unity with 10or more yeard durationof sup- withinthe pest year in data from the National Health and Nutd-
plement use, thusprovidingsomeevidence to support thepossi- tional Examination Survey II (NHANES II) (odds ratio [OR] and ilii
bilitythatwomen initiateduse of vitaminE supplementswithonset 95% CI were 0.71 10.58to 0.88] for a two-standarddeviation in-
of symptoms, crease invitamin C adjusting for age, sex, race, socioeconomic :_;_

A measure of atopywas not available inthese data. Atopy,or status,cigarettesmoking,and totalenergy intake)(8). An associ- !!_
more specifically foodallergies, may have led to a biased RR for ation with serum levels,but not self-reporteddietary intake, may
dietary vitamin E. Subjectswith asthma were asked to list on the indicatethat misclassification,inadditionto confoundingbyindi-
supplementaryquestionnaire foods they believedwere responsi- cation, reducedthe likelihoodof findinga significantinverse rela-
ble for asthma attacks. Ten of the subjects reported that nutsor tionshipbetweenvitamin C and asthma in the presentstudy. Ad-

peanut butter, foods that contributeto dietary vitamin E intake, ditionally,because mean dietary vitamin C consumption in the !iprecipitatedattacks.Althoughdiet was measured before diagno- NHS is greater than in the general population (19), a beneficial

sis of asthma in this investigation, if some of the subjects,prior effect of vitaminC may only be demonstrable at low levels of in-il l

to theirdiagnosisof asthma,avoidedthese foodsbecauseof symp- take. It may be useful in future epidemiologic studies of dietand
toms, thenan inverse relationshipof dietary vitaminE intakeand asthma to target populations with low intakes of vitamin C.
riskof asthma might result.Toaddress thisconcern,we repeated The epidemiologic data are stronger in support of the role of
the analysis usingdietaryvitamin Ewithout thecontributionfrom vitamin C in the etiologyof chronicobstructive pulmonary dis-
nutsand peanut butter. The RR associatedwith the fifthquintile ease. InNHANES Idata,dietaryvitaminC waspositivelycorrelated
was attenuated (053 to 0.74), although the trend remained sig- withFEV_(27), and vitaminC-richfoodswereinverselyassociated _:_
niflcant. This analysis, however, may have led to an overlycon- withprevalenceof airwayobstructiondefinedas FEV_/FVC_ 65o,
servative estimate of effect since excluding vitamin E from nuts (OR = 2.2 comparingone or fewer servings per week to more ili
and peanut butter (two of the highestsources of vitamin E inthis than oneservingperweek) (28), In a prospectivestudyconducted i!i_:_

dataset) will increase misclassificationinthe measurementof to- in the Netherlands (6), solid fruit was Inversely associated with !_!
tal dietaryvitamin E intake, causingsome attenuation inthe HR. 25-yr-riskof chronicnonspecific lung disease (CNSLD), defined _:_

as asthma,chronicbronchitis,and emphysema.Thus dietaryvita- iil
Dietary Vitamin C and Supplements minC intakemay be moreimportant in pulmonarydiseases when _iiiii:ii
Contraryto our earlier hypothesis,use of vitaminC supplements oxidant injury may be playinga major causal role. _!!

was associated with a significant increase in the riskof asthma. _'_ii_iii_.'i!ii_

A protectiveeffect of vitamin C against respiratory illnesses or
symptomsis widely perceived and nurseswithrecurrentresplra- 13-Caroteneand Other Antioxidants
tory problems may have been more likely to take vitamin C sup- An inverseassociationof borderline significance was found be-
plements. To the extent that respiratory illnesses are associated tween carotene and riskof asthma inthe presentstudy that was

with adult-onset asthma, confounding by indication may have stronger in currentsmokersthan innever smokers,although nei- ii! :!:!
resulted in a spurious positive relationshipbetween use of vita- ther the trendnor the interactionwassignificant.Becausesmokers
min C supplements and asthma. Several observations support generally have lower antioxidant levels (29), these results sug-

this hypothesis. When the effect of vitamin C was assessed in gest that carotene intakeis mostbeneficialwhen antioxidantlev- i:i i :ii

women not using supplements, the positivetrend disappeared, els are low. _i!I ,_:ii_iii_
Furthermore, the positive association of vitaminC with supple- In additionto13-carotene,otherantioxidantsinthe diet include _: _;ii__:t
mentsassessed in 1980 with 10-yrriskof asthma was somewhat e-carotene,lycopene, lutein,zeexanthin, and[]_crytoxanthin.Spa- :_: :_:_'_

attenuatedwhen similar analyses were performed replacingdate cific foods that are major contributorsto totalantioxidant intake i !!' ! ii
of diagnosiswith date of firstasthma symptoms(RR = 1.0,1.06, were evaluated separately.Carrots, the richest source of I_aro- _,_,:_:_,_

1.10,1.04, and 1.41;p for trend = 0.01).Finally,long-termduration tene, were not related to asthma, although tomato juice (X = i_ i
of supplement use (10 yr) was not associated withan increased -230;p = 0.02), tomatosauce (x = -1.64; p = 0.10),and pizza

riskof asthma. Analogously, a weak protectiveeffect of dietary (X = -2.17; p = 0.03)as assessed in 1984 and adjusted for age _ :_:':i!

vitamin C may have been missed ifnursesat high dsk of asthma and smoking were inversely related to 6-yr risk of asthma. The :_i_iiii:__!
who were nottaking supplements added vitamin C-richfoods to association demonstrated with tomato productsraisesthe possi- i_!i_i,_,
theirdiets.This appears unlikely,however,sinceorange juice,the bility that the carotenoid lycopene plays a more important role __:__,_
greatestsourceof dietaryvitaminC,wasnotrelatedtoan increased in the pathophysiologyof asthma than I_carotene. ii!_i_:_;ii::i:

risk of asthma. In addition, no relation was found for total fruit Furtherassessmentofspecificfoodssuffersfrom thedifficulty
intake, inassessing dietthat precedes disease onsetwhen the disease, _:_:i_::_ii::::_

Over 50 yr ago, Hunt (26) treated 25 asthmatics with 50 mg likeasthma, does not suddenlybecome manifest andthe patient :!:iiiilili:i :_!
of ascorbicacid twice dailyovera 2-week periodwith no improve- has had time to adjust behaviors, including dietary changes, to :iii!i!_i!::i::iiil

:.,:::.:.,+

ment inwheezing or frequency of attacks. In contrast, a more re- cope with symptomsbefore being diagnosed. _iiii:_i_ii_i_ii:_ji'

iliii
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i FishOils and FattyAcids monsource of vitamin E. However,after addressing thissource

_: Resultsof the few experimental studies that have evaluated the of confoundingwe were still able to identify a trend with dietary
relationshipof fish oil to pulmonary function showthe expected vitamin E intake.
physiologicchanges but no effecton asthmaseverity(14,30). We Togain further insightintothe potentialrolefor diet will require
also were unable todemonstratean inverseassociationbetween theuse ofbiomarkem ofexposurethat arerepresentativeof long-

omega-3 fattyacids or dark meat fish consumptionand the risk term dietary trends for a given individual. Because the bulk of
of developing asthma. Several epidemlologic studies, however, theseantioxidantsarefat-solubleand we havestoredserumspec-
have foundassociationsof fishconsumptionor fish oilwithother linens collected in 1989, with several further years of follow-up
pulmonary outcomes including bronchial hyperresponsiveness we maybe in a positionto assess thisrelationshipprospectively.
(31), and chronic bronchitis and emphysema (6), although nei- Insummary, intakeof vitaminE fromdiet, butnot from supple-

ther study adjusted their results for other dietary factors, manta, was inverselyrelated to adult onset of asthma in women.
i Miedema and colleagues (6) found a positive association of Strongorconsistentrelationshipsof decreased dskof asthmawith

monounsaturated and polyunsaturated fats and risk of CNSLD. individualfood sourcesof vitaminE, however,were not noted, and
_i i: The riskof CNSLD for men in the highestquartileof linoleic acid analysesaddressinga possible biasdue to foodallergiesshowed

: intake was 1.49 (Cl = 1.06 to 2.09) relative to men in the lowest an attenuationofthe inversetrendwithriskofasthma. Our results
_ : suggest that antioxidant supplementationand foods high in an-_ quartile of intakeassessed 25 yr earlier, and was independent

ii iI offruit and alcoholconsumption. These limiteddata suggestthat tioxidantsare not major determinantsof adult-onsetasthma risk.
_i _:i intakeof omega-3 fattyacids and linoleicacid duringearly adult- In addition,we were notable to demonstrate an inverseessocia-
ili hoodinfluencesthe developmentof obstructivedisease.Our data, tion withomega-3 fatty acids. Additional prospective studiesof
_i _:_ however,do not support importanteffects ofomega-3 fattyacids dietary intake, along with biochemical markers of these antiox-
i and several polyunsaturated fatsconsumedduring recentadult- idants,includingmost particularlyvitamin E end the differentca-
ll ':: hood on asthma risk. rotanoidtypes,and dsk of asthmaare warranted to further exam-
_: :_ ine these associations.
i :
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